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COMPLETE SPECIFICATION 
Improvement in Preparation of Halogenated defines 



We, Union Carbide and Caebch Cor- 
poration, of 30, East 42nd Street, New York, 
State of New York, United States of America, 
a C or p ora tion organised under the laws of 

5 the State of New York, United States of 
America (Assignees of jABBn WlLSOH CLARK, 
a Cm*r» of the United States of America, 
r eading at 649, Smith Road, Charleston, State 
of West Virginia, United States of America), 

10 do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

16 This invention relates to an improved 
process for mff^r^c cbJorotriflooroethylene 
from 1 : r : 2-trichloro-i : 2 : 3-triffaorprhanr. 

It is known that polychlomflooroalfcanes 
can be dechlorinated wim zinc to yield 

20 chbrofluoroalkenes. (Locke et d, JJLCS. 
( I 934)> VoL 5 s * P 3 ^ I 7 a6 )- Such reactioc 
may be nsed to dehalogenate compounds 
having on e of more fflilp ri 111 ^ or bromine 
atoms on adjacent carbon atoms. The 

25 chlorine or frr^rn™^ atoms are removed m 
pairs, with one atom of zmc being required 
to effect the removal of each pair. Thus, the 
dechlorination of uichlorotriflucToethauft by 
this known process results in the production 

30 of zinc chloride as a by-product in an amount 
fciwj tw than , that of the desired chloiuuiflituio- 
ethylene. This zinc chloride is produced in 
the form of an aqueous solution and operating 
on a large scale, the disposal of this large 

85 amount of by-product would constitute a 
difficult and serious problem since the re- 
generation of the zinc or the recovery of the 
chloride is not conunercially practicable. An 
additional disadvantage is mat such reaction. 

40 must be carried out under pressure, in the 
liquid phase. 

It is also known *har halogens can be 
removed from halogenated organic corn- 
pounds in the presence of hydrogen and this 

46 reaction has been applied as a quantitative 
procedure for the determination of the 
amount of halozen oresent Sabatier and 
Maihle (Comptes Rendu (1904)* VoL r 3*> 



page 407} have described the reaction of 
nexacMoroethane and hydrogen over a nickel 60 
catalyst with the formation of perchloro- 
ethylene and hydrogen chloride. As tar as is 
known, however, it was not considered that 
one halogen could be removed preferentially 
in the presence of another halogen. 55 

The present invention is based on the dis- 
covery that chlorine can be removed preferen- 
tially from i:2:2-trkttoro^i:2:>frifaoro- 
cthanc in the presence of hydrogen to form 
dtootiiftooioet hy lene in good yields and 60 
efficiencies. Hydrogen chloride is formed as 
a by^prodnct. Hie reaction is Illustrated by 
the following equation: 

CajFCOF.+H, — > COF=.CF s + 2Ha 

= The reaction can be carried out by passing 65 
a mature of 1 ;i p-trichloro-i ^^-trifinoro- 
ethane and hydrogen through a reactor or 
converter maintained at an elevated tempera- 
ture. The reactor can be a length of tube 
made of "ir-wi or stainless steel, for instance, 70 
which can be unfilled, or charged with, a 
catalyst as hereinafter described. It ran be 
externally heated by known expedients, as by 
immersion in a heated salt bath, for instance, 
or by an electrical resistance. The vapours 75 
issuing from the reactor can be collected by 
cooling and condensation, after having first 
been washed to remove the hy dr ogen chloride, 
and <1rird 

For high efficiencies, the reaction is best 80 
carried out over nickel, cobalt, copper, 
platinum, palladium or activated carbon as a 
catalyst. Of these, nickel is preferred. The 
catalyst can be in the form of finely divided 
metal, as for instance nickd, and pressed into 85 
pellets, or the catalyst in finely divided form 
can be deposited on a support. Alternatively, 
the catalyst can be used in the form of its 
salts on a support, as for instance nickel 
chloride on graphite or activated carbon. 90 
Similarly, the cobalt, copper, platinum and 
palladium can be employed in th e form of 
the metal or their salts. 

In non-catalytic operations, the reaction 
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ran be carried out at a temperature between 
450" C and 650 0 C A temperature within 
the range of 450' C to 575 0 C is preferred. 
At temperatures below 45°° C in the absence 
5 of a catalyst, the yield tends to fall off to 
about 5 to 10 per cent. Ax temperatures 
above 575* C, a shorter reaction time is 
required than at lower temperatures in order 
to Tni T,; rp' w ' losses due to polymer formation 

10 and decconroositioa to trifroaroethyiene and 
free carbon. The formation of polymer and 
free carbon results in a deposit on the walls 
of the reactor which, if allowed to accumu- 
late, would eventually offer excessive resist- 

15 ance to the How of gas through the reactor 
and to the transfer of heat through the tube 
walL The deposit is bard and adheres firmly 
to the tube walls but it can readily be re- 
moved by burning out with air and with 

20 oxygen. 

The ratio of hydrogen to 1 : 1 : 2-tncnloro- 
1 : 2 : 2-trinrujroethane is not critical. At a 
ratio of 0.75 mol of hydrogen per mol of 
1:1 :2^txkMciro-i:2:2HxifliMraeiiiaiie it is 

25 possible to react practically all of the hydro- 
gen which recovery of the chioro- 
trifluoroetfaylene and unreacted trkAkrro- 
mflnoroethane* Increasing the proportion of 
hydrogen increases the yield of chloromfluoro- 

30 ethylene but the losses due to the formation 
of carbon and triflunroethylene also increase. 
A ratio of from 0.75 to 3 mols of hydrogen 
per mol of i:i:2-trichloro-i:2:2-rrifluoro- 
ethane is preferred. 

35 Losses due to the formation of carbon and 
triftnoroethylene can also be minnmzed by 
employing lower temperatures to effect lower 
single pass yields. In generalj optimum 
p ffir^nnt^ are obtained when the single pass 

40 yields are in the range of 20 to 40 per cent, 
based on the 1 : 1 :2-trichIaro-i : 2 : 2-trifiuoro- 
ethanc. 

Reaction terrrperamres used with catalysts 
are lower than those used in nan-catalytic 

45 operations. Toe actual mechanism of the de- 
chlorination reaction is not known. It may 
be that the catalyst metal reacts to form the 
metal chloride which then reacts with the 
hydrogen to give hydrogen chloride, with the 

60 free metal being regenerated and the cycle 
repeated. In the presence of a catalyst 
reaction tEmperamres of 400* C to 475" C 
are preferred. However, ter n per a mres be- 
tween 375° C and 525* C can also be used. 

65 Appreciable removal of chlorine may be 
effected at temperatnres as low as 206" C 
with an active catalyst but at this low tem- 
perature the reduction of metal halides is 
very slow and the metal catalyst tends to be 

60 converted to the less active metal chloride 
and fluoride. At temperat ures above 475" C 
the catalytic reaction tends to become less 
-fKrJmr The temperature of 475 0 C approxi- 
mates the practicable upper limit for efficient 

65 operation. Usable temperatures range up to 



525 1 C, but for these higher temperature 
ranges a somewhat shorter contact time is 
recommended. 

The invention is more particularly de- 
scribed in the following examples: 70 
Example x. 

A mhctnre of 739 parts by weight (3.95 
mols) of i:i:2-trkhloro-i:2:2-trifluoro- 
ethane with hydrogen in a mol ratio of 
approximately 1 to 3 was passed through an 75 
electrically heated tube TT> a* nta ' Tlw ^ at a tem- 
perature of 4x0" C to 478* C The tube 
which was made of stainless steel was three 
feet long and had an inside dwmrfer of one 
inch. It was charged with 461 grams of nickel B0 
catalyst m pellet form. The space velocity 
was approxhnately 30° lilies per litre of 
catalyst per hour. 

The reaction gases from the tube were 
passed first through a water scrubber where 33 
hydrogen chloride and hydrogen fluoride 
were removed, and then dried in a calcium 
chloride drying tower. The product was con- 
densed from the dried gas by means of a 
series of cold traps cooled by a solution of 90 
solid carbon diftywfe and acetone and a final 
trap cooled by liquid nitrogen. The excess 
hydrogen exciting; from the nitrogep-coo le d 
trap was vented through a gas meter. 

Distillation of the condensate collected in 9* 
the cold trap yielded 209 parts of a chloro- 
triflooroethyjene fraction boiling at — 30" C 
to —26° C. and having an apparent mole- 
cular weight of X18.5 based on vapour 
density determinations; as compared with the . 
boiling point of -27.9 0 C given in l i ter dim e 
(Stall, fnd. Eng. Chan., VoL 39, page 5x8; 
2947) and a calculated molecular weight of 
1 16-5. There was obtained also 16 parts of in - 
a tnfluctoethylene fraction bailing at —55* * 
C to - 50* C. and having an apparent mole- 
cular weight of 884 based oh vapour density 
detennmations; as compared with the boiling 
point of —51" C given in literature (Swarts, 
Ghem. Zentr. H, page 281; 1899). and a calcu- 110 
lated molecular weight of 82.0. A third frac- 
tion arrv\TTni4ng to 45 parts of material boiling 
above 40* C was largely unreacted I :x:2- 
trichloro -1:2:2- trm^oroethane. The total 
production of chlorotriflooroethylene was 240 
parts corresponding to a yield of 52.1 per 
cent. The efficiency was 55.8 per cent. The 
yield of trhluoroethyiene was 5.x per cent 
with an efficiency of 54 per cent. 

Example 2. 120 
A rnixture of i;2:2-trichloro-x:2:2-traluoro- 
ethane and hydrogen in a mol ratio of about 
x to 1.3 was passed through a reactor main- 
tained at a temperatnre of about 425 s C to 
480 0 C Hie reactor was a stainless steel tube 
as in Example 2, charged wiih too xniDi- 
Irtrcs of a catalyst made by evaporgi tug to 
dryness an aqueous solution of 364 grams of 
nickel chloride (NiCLoH-O) on '300 mflli- 
litres (135 grams) of activated carbon pellets 130 



PAGE 7/17 * RCVD AT 2/28/2005 6:02:46 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/1 • DNlS:872930$ * CSCD: 50983834 24 * DURATION <mm-ss):06*S 



02/28/2005 15:03 FAX 5098383424 



WELLS ST JOHN PS 



©008/017 



698,386 



which are small enough to pass through a 
mesh having openings of 3/16 of an inch but 
large enough to be retained on a mesh with 
openings of 4 of an inch. The space Telocity 
o was X540 litres per line of catalyst per hour. 
The reaction gases were washed, dried and 
the reaction product condensed and collected 
as in Example 1. Upon distillation of the 
cnnrlmsnre there was obtained 25S parts of 
10 a chlorotrhlunroethylene fraction boiling be- 
tween -30* to -20 0 C and 40 parts of a 
ndfluoroethyiene fraction boiling below - 30° 
C The estimated efficiency to cnlaoliiffttoro- 
ethylene based on the trkhlorotrifluoroethane 
15 was 75 per cent 

Example 3. 
A mixture of 2x77 parts by weight of 1 : 
1:2- tricMoro- 1 :2:2- trifhicioethanc with 
hydrogen in a xnol ratio of about 1 ro 14 
20 was passed during a five hour period through 
a reactor maintained at a temperature of 400* 
C to 500" C. The reactor was a stainless 
steel tube, as in Example I, charged with 
200 Tnfltilftr cs of a catalyst made by evaporat- 
ing to dryness an aqueous solution of 140 
grams of cobalt chloride (C0CU6H-O) on 
300 T ni ll i litres of activated carbon pellets. 
The space velocity was 670 litres per litre of 
catalyst per hour. 
30 The reaction gases were washed, dried and 
the reaction product condensed and collected 
as in Example 1. Upon Hwtnitwg the con- 
densate there was obtained 249 parts of 
chlorc^rifluoroemyiene, The yield was 18.5 
J per cent and die efficiency 63.2 per cent 
based on the trichlorotrifiuor oethane. 
Example 4, 
A mixture of 685 parts by weight of x : x : 2- 
Q trichloro-i :2:2-trichloroethane and hydrogen 
in a mol ratio of 1 to 2.5 was passed through 
a reactor maintained at a t emp aa tm e of 
about 400' C to 425* CL dnring a period of 
three hours. The reactor was a sta in le s s steel 
45 tube as in Example 1. It was charged with 
200 mfll i Hrr es of a catalyst made as follows: 
A solution of 135 grams of cuprous chloride 
in 320 grams of hydrochloric arid was 
evaporated to dryness on 300 nnTlilitres (135 
gQ grams) of activated carbon pellets which are 
small enough to pass through a mesh having 
openings of 3/16 of an inch but large enough 
to be retained on a mesh with openings of 
3/32 of an inch. 
,.g There was obtained 149 parts of duoro- 
rriftKffoethylene for a yield of 35.0 per cent 
and an efficiency of 604 per cent based on 
die trichlc^otrifluoroemane. The production 
ratio was 249 grams of chloromh^oroethylene 
per litre of catalyst per hour. 
ou Example 5. 

A mixture of 1494 parts by weight of 1 : 
1:2- trichloro -1:2:2 - trifhinroethane with 
hydiogeu in a mo! ratio of x to 0.7 was passed 
through a reactor which was a nickel tube of 
00 one inch, inside diameter, filled with carbon 



rings. A zone containing 150 niiffihtres of 
the carbon rings was maintained at a tem- 
perature of 520* C to 550* C and the feed 
raze adjusted to grve a space velocity of about 
4 1 ^litres per litre of reactor space per hour. 70 

There was obtained 288 parts of chloro- 
trifluoroethylene corresponding to a yield of 
3t per cent and an efficiency of 66 per cent, 
based on the tridilorotrMuoroemaiae. The 
production ratio was 370 grams of cxdoro- 75 
trirhtoroctbylene per litre of reactor volume 
per hour. 

Example 6. 
1:1:2 - trichloro - i:2:2-triflncffnethane 
ftffl P 5 "*? by weight) was fed together with 80 
hydrogen in a x to 14 xnol ratio over acti- 
vated carbon (too nifflititres) contained in a 
<hrect*heated stainless steel tube having an 
inside diameter of one inch. A period of four 
hours was required, during which the tern- 86 
perature was mamtaiocd at about 500* C to 

There was obtained 84 pans of chlorctri- 
flnoxoethylene. The unreacted trichlororri- 
fluoroethane that was recovered amounted to 00 
1540 parts. The yield was 7 per cent and 
the efficiency based on the tricnlnrorifewrc- 
ethane was 40 per cent. The production ratio 
was 211 grams per litre of catalyst per hour. 

Example 7. 95 
1:1:2 - trichloro - 1:2:2 - trfflnoroethane 
(2610 parts by weight) and hydrogen in a 
mo! ratio of 2 to 1, were passed through a 
reactor over a period of 4.5 hours. The 
reactor was a nickel tube seven feet long and 100 
one inch inside diameter. The top preheater 
smjou ?f the tube, 24 inches in length, was 
nued with nickd pellets supported on a pad 
of nickd lathe turnings. The remainder of the 
tube which was empty except for a nickeliOS 
thennncouple well was maintained at a 
temperature of 531' C to 534* C by a 
heated salt bath. The feed rate was adjusted 
grve a space velocity of 252 litres per Bare 
i^ ctor ^P 30 * P?" hour. no 
T-here was obtained 346 parts of chloro- 
frffiunrcethyiene and 53 parts of triffuoro- 
em^ene. The unreacted trichlor©u4fluoro- 
ethane tot was rec o v e r eU amounted tn 1751 
parts. These amounts correspond to an 116 
effiaency to clilorotrhWoediyicne of 65 per 
cent and an efficiency of trimioroerhytoeof 
14 per cent, based on trichlorc^rifluaro- 
eznane* 

What we. claim is: \20 
*\ A Process for making chlorotrifronro- 
etnylene which conrorises heating a mixture 
?~ 1 : 1 : ^trichloro-r : 2 : 2-triflnoroethane and 
hydrogen to an elevated reaction tenmerature 
at which hydrogen chloride is formed, but 125 

*• A process as claimed in Is - m vfakh 
tte mature of i:i:2<ricMoro-i;2:2- 
tnfiuoroethane and hydrogen is beared in the 130 
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. of a catalyst at a temperature between 

TvFc* and 650* C \ . 

a A process as daimed in Claim 1 or 2, m 
trijfch & mixnmt of t:i:2rtikfalaro-i:^ 
5 niflnwodhanc and hydrogen cantons fiom 
a75 id 3 nK^ of hydrogen per inot of 1 : 1 : 2- 
tj^loxo.riai^triflnoroedianc. m 

4. A process as daimed in Claim 1, m which 
the - jx&nre of x:i:«richtaoa:a:»«r^ 
10 flnorocmanc and hydrogen b heated ni the 
presence of a catalyst congstmgof on e of me 
foWmg: nickel, cobalt, co pper> iton rnn, 
palladmm, or a sate thereof activated ~* 



C and not 



at a temperature of at least 375 ' 

ernykne substanriaHy as bcrembclore lb 
described in any one of the 



^^c^ottffluoroethyiene prepared by the 
nrocess as daimed in any one of daims 1 
to 5. 

W. P. THOMPSON & COo 
13, Chnrch Street, Uverpool, 1. 
Chartered Patent Agents. 
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